I. Introduction
umerical investigations have been carried out of supersonic MHD flow of weakly ionized gas around a few models. The purpose of the carried out investigations was further validation of the formulated mathematical model and algorithm as well as analysis of major factors determining the MHD impact on the flow. The effect of the magnetic field induced by the coil built-in the body on the plasma flow was investigated and the efficiency of the MHD interaction was estimated. In particular, supersonic flow about a body "cone-cylinder" with an electric Dr., Head of the Applied Physics Laboratory discharge rotating in the induced magnetic field on the cone surface between one electrode locate on the cone apex and annular another one at the cone-cylinder conjugation 1 was considered. In this case the incoming flow parameters correspond to the Big Shock Tube setup of the Ioffe Institute (Mach number M=3.9, T 0 =575 K, p 0 =6383 Pa). The electric discharge increases dramatically the electric conductivity of the gas in the vicinity of the cone surface and therefore to intensify the MHD interaction. Special attention was paid to determination of the thermal loading on the body and comparison of results with experimental data on heat flux measurements with the gradient heat flux sensors (GHFS).
Besides, supersonic weakly ionized plasma flows about blunted and truncated cylinders were simulated with the developed mathematical model 2 .
The investigation showed that at the conditions under study the predominant factors of MHD impact on weakly ionized plasma flow around the body determining the flow structure are both the ponderomotive force and the Joule heating. It is worth to be mentioned that in a wide range of incoming plasma flow parameters the flow around the body is turbulent one which also significantly influence on the flow structure.
Results of numerical simulation of weakly ionized plasma flows around the cone-cylinder body, blunted and truncated cylinders under MHD interaction are presented.
II. Mathematical model
A simple but robust hydrodynamic model is used considering the plasma as a neutral electric conducting continuum. Evolution of such a medium is described by equations of magnetic hydrodynamics. The below assumptions are accepted: the MHD interaction is taken into account within the framework of the MHD approach neglecting the induced magnetic field. Validity of these assumptions follows from the inequalities Under these assumptions governing equations may be written as follows:
here ρ is the density; V r is the plasma velocity; T is the plasma temperature; µ, λ are the viscosity and the heat conduction of the plasma; B r is the magnetic field induction; E r is the electric field strength; j r is the electric current density;
is the stress tensor; Using the simplest approach the electric field strength may be determined by the loading coefficient:
At this stage of the investigations the plasma viscosity, heat conductivity and specific heat are computed from kinetic theory while the electric conductivity is supposed to be constant.
At the inflow boundary all plasma parameters are prescribed. On the body surface the non-slip conditions are imposed. As it has been shown in the BST experiments, the temperature of the walls is constant during the BST operation time, so, heat fluxes on the body surface are calculated at constant temperature of the surface. On the outflow boundary the conditions of type ∂f/∂n = 0 is used where n is the unit vector normal to this boundary.
In accordance with plans of the experiments the body is supposed to be insulator. Stationary solution is obtained using time-asymptotic technique with an implicit algorithm providing the second order accuracy with respect to the spatial coordinates in the flow regions with smooth function behavior.
III. Results
Some results of the flow simulations are presented in Figures 1-6 . Three types of bodies are considered. The first one is a spherically blunted body; sphere radius is equal to 10 mm, cylinder length is 20 mm. The next body is a truncated cylinder with length = 100 mm, radius = 35 mm. The last one is a cone-cylinder body of 34 mm in diameter and 40 mm in length with a cone mounted on the cylinder with a 60° opening. In Figs. 1 (a, b, c) distributions of the pressure, the Mach number and the plasma temperature are shown in the vicinity of the body in case of MHD interaction. Magnetic coil is installed in sphere-cylinder conjugation plane and contains only one loop. Parameters of the incoming flow are: B 0 = 1Т, σ ≈ 10 3 S/m, here B 0 is characteristic value of the magnetic induction in the coil center. The incoming flow Mach number, М = 3, pressure and temperature correspond to the normal conditions.
At considered conditions the only visible effects of the MHD interaction are the local pressure maximum near the coil and subsonic flow domain with hot gas located downstream the coil which thickness is significantly greater the boundary layer one. The value of the pressure maximum is significantly less than the pressure near the stagnation point. The bow shock wave does not change its shape and location.
The presented results demonstrate that at parameters under study (Incoming flow parameters, coil geometry and placing and magnetic field intensity) is impossible to influence on the shock structure of the flow. Figs. 2, 3 (a, b, c) show distributions of the pressure, the Mach number, and the temperature for supersonic turbulent plasma flow without and with MHD interaction respectively near truncated cylinder with magnetic coil installed under cylinder surface. Free flow parameters are: M=8.6, p=4.47 Pa, T=180 K, σ≈10 2 S/m. Magnetic field at the center of the body is about 0.6 Т. It is clearly visible that under such conditions and coil configuration magnetic field impacts heavily on the flow structure which reveals in strong shock wave deformation. Figure 4 shows heat flux distribution along cylinder in cases of MHD interaction and without it. The absolute value of the heat flux is lower in this case than in previous one because of absence of the electric discharge near the body surface which can significantly increases conductivity and, therefore, heat flux on the body. Figs. 5 (a, b, c) present distributions of the pressure, the Mach number, and the temperature for supersonic turbulent plasma flow under MHD impact with an electric discharge on the cone between electrodes (the characteristic time of the electric current pulse about 1.5 ms, the total electric current is 10 3 A). Magnetic coil is installed in the cone-cylinder conjugation plane. Electrodes are installed on the nozzle of the body and on the top of the body near the conjugation plane. It is seen that at chosen arrangement of the induction coil domain of maximum MHD interaction is localized in the vicinity of the cone-cylinder conjugation where the induction of the magnetic field reaches 30 T, while near the cone tip the induction is about zero. It is worth to be mentioned that in spite of significantly non-uniform distribution of the magnetic field induction (with highly localized maximum in the vicinity of the cone-cylinder conjugation) the domain of efficient MHD interaction is stretched near all surface of the cone due to high density of the electric current in the discharge. The turbulence manifests itself mainly in dynamic and thermal load on the body. Under considered conditions the MHD interaction results in noticeable decrease of the Mach number near the body, which is mainly due to temperature increase and flow deceleration because of the Joule heating and the ponderomotive force effect. Expansion of the temperature layer leads to increase of the head shock wave inclination, as well as to expansion of the boundary layer on the cylinder. 
IV. Conclusions
Thus, on the basis of the presented results obtained in the framework of rather a rough model it is possible to deduce that the current parameters of the plasma are insufficient for variation of the shocked flow structure but probably enable one to influence the flow in the boundary layer. It is show that shock wave can be deformed by gain of the magnetic field which can be increased, in turn, by installing a relatively big magnetic coil (in case of truncated cylinder magnetic coil occupied all space near body surface). Since the increasing of the magnetic field induction is a difficult problem it is worth to attempt to increase the plasma electric conductivity using an external source of additional ionization. One of such sources can be electric discharge on the body surface.
